The presence of a cytopathic agent in human-embryo-kidneycell cultures inoculated with passage fluid from human leukaemic bone-marrow was reported by and by Inman et al. (1964) . The presence of a mycoplasma (pleuropneumonia-like organisms: P.P.L.O.) in these cultures has since been demonstrated by Grist and Fallon (1964) and Girardi et al. (1965) . The present paper is a preliminary report of attempts to characterize this mycoplasma and to determine its relationship to the original cytopathic agent.
Materials and Methods
Tissue Cultures.-Tissue cultures of primary rhesus-monkey kidney, primary human amnion, primary human embryo, continuous baby-hamster kidney (BHK21-C13 line of Macpherson and Stoker, 1962) , and the " Bristol " line of HeLa cells were prepared in Glasgow by the standard methods of the Regional Virus Laboratory, Ruchill (Grist et al., 1965) ; inoculated cultures were maintained in Eagle's medium with 1 % fowl serum in order to avoid inhibitors found in calf, horse, and sheep sera.
Mycoplasma Culture Media.-The media used were those described by Lemcke (1964) or Chanock et al. (1962) . Where these media were used to grow mycoplasmas for immunization of rabbits, normal rabbit serum was incorporated in the medium instead of horse serum. For the study of glucose fermentation 1 % of the sugar was incorporated in the solid medium together with indicator.
Haemolysis of Mammalian Erythrocytes.-This was tested by layering blood agar on to colonies on solid medium .
Serological Tests.-Tissue-culture-neutralization tests were carried out as previously described by Negroni except that the cultures were incubated stationary at 360 C. Complementfixation (C.F.) and gel-diffusion (Ouchterlony) tests with rabbit antisera against standard strains of mycoplasma and against tissue cultures containing the cytopathic agent were performed as described by Lemcke (1964 Lemcke ( , 1965 . C.F. tests with antiserum prepared against the mycoplasma strain CW were performed by a modification (Grist et al., 1965) of the method of Bradstreet and Taylor (1962) had been heated at 56' C. for 30 minutes. Growth-inhibition tests on agar were performed by the method described by Clyde (1964) , but the inoculum was adjusted to give discrete colonies.
Electron Microscopy.-The techniques used were those previously described (Inman et al., 1964) except that some preparations from broth cultures of mycoplasmas were fixed by the technique used by Kellenberger et al. (1958) .
Isolation of Mycoplasmas
Material from human-embryo-tissue cultures inoculated with marrow from patient CW and also from a pool of human-embryo-tissueculture fluids from several isolates which was found to contain 106 colony-forming units per ml. Subsequently mycoplasmas were also isolated by Dr. B. E. Andrews, of the Virus Reference Laboratory, Colindale, from tissue-culture fluids derived from each of the leukaemic patients mentioned by In gel-diffusion tests CW and IG were tested against antisera to all the species represented in Table I In growth-inhibition tests on solid medium, strains CW and IG were inhibited by antiserum to Ml, the inhibition zones being 2 mm. from the edge of the disk to the rim of growth of the mycoplasma. This serum gave inhibition zones 3-5 mm. wide with Ml and Kon (see Table III ). No tests were done with Kon antiserum.
The results suggested that the mycoplasmas CW and IG were the same and that they were related serologically to strains of M. pulmonis. They were not related to 16 other serotypes or species of mycoplasma from man, rats, mice, poultry, cattle, goats, and sewage.
(b) Tests with Rabbit Antiserum HL Prepared Against Tissue Cultures Containing Cytopathic Agent.-Antiserum HL was one of the antisera prepared by to a strain of cytopathic agent derived from patient RD and used in tissueculture-neutralization tests. Strains CW and IG were titrated by C.F. tests against this antiserum and the corresponding preimmunization rabbit serum. At the same time antigens of 15 other species of mycoplasma, including M. pulmonis, were titrated against these two sera and against their homologous sera as controls. Only strains CW, IG, and the two strains of M. pulmonis, Ml and Kon, gave a rising titre with antiserum HL compared with the pre-immunization serum (Table II) . (Lemcke, 1964) .
t C.F.T. in plastic trays (Grist et al., 1965,. In growth-inhibition tests, strains CW, IG, and Ml were all inhibited by antiserum HL, the zone of inhibition being approximately 2 mm. wide (Table Idl. The results with Kon were equivocal, with a narrow zone of inhibition surrounding disks impregnated with both -immune and pre-immunization serum as well as a control disk without serum. The results suggested that the antiserum HL, prepared against tissue cultures containing cytopathic agent, contained antibody specific for the mycoplasmas CW and IG. The presence of antibody to CW was further confirmed by neutralization tests in rhesus-monkeykidney cultures both with the tissue-culture fluids containing cytopathic agent and also with mycoplasma CW. This serum neutralized approximately 103 tissue-culture infective doses of each agent. Grist et al. (1965) as compared with the other C.F. tests which were performed by the method of Lemcke (1964) . The immune serum showed a considerable rise in titre compared with the pre-immunization serum for both CW and Kon, the rise for Kon being oneBRrrsIH MEDICAL JOURNAL quarter of that for the homologous strain (Table II) . There was no rise in titre for M. pneumoniae. In growth-inhibition tests on solid medium, strain CW and M. pulmonis strains Ml and Kon were inhibited by immune but not pre-immunization serum from the rabbit immunized with CW (Table III) . As noted by Clyde (1964) , the zone width varied with the inoculum, but those obtained with an inoculum giving discrete colonies were 6 mm. for CW, 2 mm. for Ml, and 1.5 mm. for Kon.
Neutralization tests in rhesus-monkey kidney showed that the immune serum neutralized 103-10-l tissue-culture infective doses of strain C.W. and of the cytopathic agent contained in the tissue-culture fluids from which CW was isolated. It also neutralized pooled fluids from cultures derived from a number of leukaemic patients.
Gel-diffusion tests carried out with serum CW showed the formation of lines against homologous antigen, one of which seemed to be identical with the one line formed against Kon antigen.
These results agree with those observed with the other antisera and demonstrate the partial relationship of CW to M. pulmonis. They also show conclusively that the cytopathic effect observed in tissue cultures could be neutralized by antiserum to the mycoplasma alone.
Electron Microscopy
Electron micrographs of virus-like particles in pellets from ultracentrifuged cell cultures inoculated with passage fluid from leukaemic bone-marrow have already been published (Inman et al., 1964) . Since then the mycoplasma CW has been examined electron-microscopically both in sectioned material and in negative contrast. After fixation by the technique of Kellenberger et al. (1958) typical mycoplasmas were identified in sections of pellets ultracentrifuged from broth cultures (Special Plate, Fig. 1 ). Abundant extracellular mycoplasmas were observed in human-embryo-kidney-cell cultures infected with the agent (Special Plate, Fig. 2) .
The appearance of the mycoplasma in negative contrast preparations derived from infected broth cultures is shown in Figs. 3 and 4 (Special Plate). The size of the cells varied greatly, but they were generally between 90 and 1,000 myk in diameter. The length of the filaments was also very variable, but their diameter, with the exception of the terminal swellings, was always of the order of 75 mjt. In this type of preparation the cells and filaments had a limiting membrane and an outer diaphanous coat.
A fuller description of the morphology of the mycoplasma will be given in a later paper.
Discussion
The evidence presented suggests that mycoplasmas with the same biological and serological characteristics were present in all tissue cultures showing the C.P.E. described by . They were present at the earliest passage examined (13th). Control preparations showed no C.P.E. Controls from the same passage experiments as those in which a C.P.E. was seen were not available for mycoplasma culture, but cultures from those later passages of control material which have so far been examined have proved negative for mycoplasmas. All the evidence to date points to the mycoplasma having been solely responsible for the C.P.E., especially as it can be prevented by antibiotics.
The mycoplasma strains CW and IG are serologically unrelated to any mycoplasma hitherto reported as being isolated from man. There is, however, a partial antigenic similarity between CW and IG and the rodent mycoplasma, M. pulmonis. Experiments to be published elsewhere show that M. pulmonis can cause a C.P.E. like that of CW in certain types of tissue culture. Nevertheless these mycoplasmas are not completely identical with M. pulmonis, and it cannot necessarily be inferred that they are of rodent origin and hence merely contaminants, especially as serological cross-reactions between mycoplasmas of diverse origin are known to occur (Card, 1959; TaylorRobinson et al., 1963; Lemcke, 1964 Lemcke, , 1965 .
It may be argued that as the strain of mycoplasma isolated from each tissue culture inoculated with leukaemic bonemarrow was apparently identical with CW this could well represent contamination, especially as the only previously published description of a mycoplasma isolated direct from the bone-marrow of a patient with leukaemia (Hayflick and Koprowski, 1965) showed it to be completely different from CW. However, the human-embryo cells, derived from 59 embryos over a period of four years, were inoculated with marrow at different times. Furthermore, cultures inoculated with marrow from only eight leukaemic patients showed a C.P.E. and the presence of a mycoplasma, whereas cultures inoculated with bone-marrow from a further 18 cases of leukaemia and also those from 33 patients without leukaemia showed no C.P.E., nor were virus-like particles seen in those examined in the electron microscope.
Organisms seen in the electron microscope in both cell-free and human-embryo-kidney-cell cultures had morphological characteristics typical of mycoplasma (Domermuth et al., 1964) . Reassessment of the electron microscope studies of the original infected human-embryo-cell cultures (Inman et al., 1964) suggests that mycoplasmas were seen but unrecognized as such. This was probably due in part to the preparative techniques employed, which were inappropriate for the preservation of mycoplasmal ultrastructure.
It is often impossible to distinguish between viral and mycoplasmal elements in electron micrographs. There is as yet no morphological evidence to show whether the small particles (average diameter 72 m/,) seen in the cytoplasm of the original infected cells and ultracentrifuged pellets (Inman et al., 1964) were in fact virus, as was originally believed, or small mycoplasmal elements. A study of the antigenic properties of these " virus-like " particles is in progress to investigate their possible association with the mycoplasma.
Finally, what is the relationship of this mycoplasma to leukaemia ? Other studies have shown thaat mycoplasmas may be isolated direct from the bone-marrow of patients with leukaemia (Hayflick and Koprowski, 1965) and from tissue cultures inoculated with leukaemic bone-marrow (Murphy et al., 1965) . Moreover, it has been shown that a higher proportion of patients with leukaemia are without the blood-group-I antigen than is the casse in the normal population and that mycoplasmas may alter I receptor-sites on erythrocytes (Schmidt et al., 1965) . However, the relationship between the mycoplasma isolated from tissue cultures and the disease in the patients whose bone-marrow was inoculated into these tissue cultures remains obscure. If the mycoplasma originated in the bone-marrow it may be quite unrelated to the patients' disease, or it may be secondary and represent infection due to failure in the patients' defence mechanisms. Finally, the mycoplasma infection could form part of a sequence of events which, in some individuals, is, associated with the development of leukaemia.
Summary
Mycoplasmas were isolated from tissue cultures inoculated with bone-marrow from leukaemic patients.
All cultures which showed a cytopathic effect contained mycoplasmas.
There was no evidence of mycoplasmas in control cultures. The mycoplasmas isolated seemed biologically and serologically to be of one strain which was different from any previously reported as being isolated from human sources although there was some relationship to a rodent mycoplasma, M. pulmonis.
Mycoplasmas cannot readily be distinguished from viruses electron-microscopically.
The relationship of mycoplasmas to leukaemia is not yet clear.
